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TheEffectsofIミotenoneandIlSDcrivativeSOnllleltespirationofBJ･aininGllineaPig.
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36･モルモ ット脳の呼吸に及ぼすE)チ/-ンおよびその誘導体の影響 深見項- (東武大学

n学部 事由学研究室)･古沢長次郎 (凸林省虫等技術研究所) 33･9･26 受理

ロチノーンは昆虫体内で神経および筋肉の細胞呼吸を抑制し, 死に至らしめるが,その細胞呼吸抑

制の一部はグルタミン懲脱水素酵素の抑制によるものであが). しかし昆虫におけるグルタミン敢

脱水素酵素の細胞呼吸における役割は不明である. そこで筆者らはグルタミン酸脱水素即諾…の役割

･が細胞呼吸においてかなり理解されているモルモットの脳を使用してロチノーンの彫哲を検討した.

モルモット脳ホモジエネー トおよびミトコンFl)アに基質無添加, コハク酸およびグルタミン散を

添加した場合の酸黙消祭に対するロチノーンおよび その誘導体の彫蟹を調べたところ,その阻苔の

岱庇は昆虫の場合と同じ偵向を示した.

Theauthorshaveconcluded in･theprevi0113

reportsthatrotenoneinhibitstherespiration oi

nerveandmllSCleininsects,andtheinhibition

oftherespiratorymetabolism ispart一yduetothe

inhibitionoftheglutamicdehydrogenaseactlvi-

tyl,5'･Itwasalsofound in rotenone and its

derivativesthataclosecorre一ationexistsbetween

theE'IVfvotoxicityagainstinsectsandthedegree

oftheinhibition ofgllltamicdehydrogenasein

insectmuscle6).

Although theroleofglutamicdehydrogenase

incellularrespirationisnotknownininsects,it

ismorefully demonstrated in.the brain of

mammals. The present study &as therefore

tmdertaken with the purpose of determining

whetherTOtenOneanditsderivativesinhibitedthe

homogenat占respiradonwithorwitholltSuCCinate

andthegltltamicdehydrogenaSeactivityfromthe

brainofthegtdneapig.

Theauthorswishto thankAssist.Prof.T.

YamasakiandMr.T.NarahashioftheFaculty

ofAgriculture,University ofTokyo fortheir

guidanceduringthecourseofthiswork.

AhtcrialSandAIcthodS

Allanimalstuedweremaleguineapigsweigh-

ingapproximately250g.

Measurementofoxygenconsumption ofbrain

･homogenate:Experimentswerecarriedoutusing

theWarburgmanometersat370C.TIleanimals

.werekilledbydecapitation.Abrain(1.5g)which

containedcerebrtm,cerebellum andmedullaob-

】ongatawasllOmOgenizedwith fivetimes甲 mtlCh

asvoltmeofphosphatebuffer(1/15M,pH7.4)

asthebrainandfiltered through gauze.These

procedureswerecarriedoutatlOOC.Flaskcontents

wereasfollows:1/15M phosphatebuffer(pH

7.4)1.2ml,sl血strate0.4ml(finalconcentration,

0.033M),hohogenate 1.SDI, distilled water

O.7mlordistilled water0.3ml.plusi血ibitof

O.4ml.

MeasurementofoxygezICOnSumptionby the

兼'Presentaddress:NationalhstituteofAgriculturalSciences,Nishigahara,Tokyo.
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mitochondrialfraction ofbrain:Experiments

werecarriedolltuS王ng･theWarburgmanometers

at370.Tllebrainssimilartothoseusedin the

homogenateexperimentswereemployedasthe

ISOurCeOf.mitochondrial fraction･Themitochozl-

drl-al fractionwasisolatedbyaslightmodifi-

cationoftheteclmiqtlealreadyreported･;).About

6gof血ebrainsobtainedfrom4maleguineapigs

werellOmOgenized with 50nil of a solution

containing 0.02M substrate,1/15M phosphate

buffer(pH 7.2)and0.25M sucrose.Theresult-

ing breiwasfiltratedthrough threelayersof

stugicalgatlZe.Oncentrifugingthefiltratefor5

minutesat500Xg,theprecipitatewastdiscarded.

ThesllpematantWasCentrifllgedfor15minutesat

10000xg.Theprecipitatewasresuspendedin13ml

ofasolutioncontaining0.02M substrate,0.02M

pllOSpllatebllffer(pH 7.2)and 0.9形 KCl,and

centrifugedfor5minutesat8000xg.Theprecipitate

wasresuspendedin5mlofasollltion containing

o.02M substrate,1/50M phosphatebuffer(pH

7.2),0.9%KClandlO~5M cytochromec,andthe

suspensionwastakenasthemitochondrialfraction

for血emeasllrementSOfoxygenuptake.TIlefinal

pH oftlleSuSPe甲ionwas7.1⊥7･2.ThepH of

tllebrainhonogenatewasadjustedover7.0by

adding0.2M Iris(hydroxymethyl)am inomethane

buffer(pH 9･0)dulingtheiso一ationoEthepito-

chondrialfraction.ThewllOleprocedllreSWere

carriedoutat0to3oC.

RoteD.Oids testedwereasfollow:rotenone,

rotenolor･.e-I, dihydro-rotenone a7ld.dehydro-

iotenone.ThechemicalstructllreSOfthesecom･

polmdswereshowninthepreviollSrePOrtC).

･Itesults

Atfirst,theill＼ViErOeffectofrotenoneonthe

oxygent'ptakeofthehomogenatewithorwithout

slユCCinatewereexamined.Theresllltsareshown

inTable1.RotenodeinhibitedtheendogenollS

oxygenuptake,btltdidnotinhibittheoxygen

tTPtake in thepresence of slユCCinate. Simi7ar

experimentsusingtheinsecthomogenate3)arealso

sllOW･ninTable1forcomparison.Itcanbeseen

thatthereisnosubstantialdifferencebetween

insectandmammal.

Next,theinviEfoeffectsofrotenoneandits
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Table1.tlZViLroeffectsofrotenoneonthe

O2uptakeofthehomogenatesofinsectmuscle
aD.dguineapigbrainwith orwithoutsuccinatle.
Finalconcentrationofrotenone,5×10~SM.

Percentinhibitionof02uptake

GuiD.eaPigbraiD.)hsectmuscles)

EndogenouS

With stlCCinate

Table2.1nvt'Lroeff占ctsofrotenoneandits

derivativesonthe02uptakeofthemitocllOn-
drialfractionsofir..sectmuscleand guinea

pigbraininthepresenceofI-glutamatq

derivativesontheoxygen llptakeofthemito･

chondrialfractioninthepresenceofI-gltltamatQ

wereexamined.TheresultsareshowninTable2.

Rotenone, dihydro･rotenone and rotenolone-I

inhibited th8 gllltamic dehydrogenase, bllt

dehydro-rotenonedidnot.Similarexperiments

tlSinginsectmuscle6)arealsoshown王nthattablel

forcomparison.Itcanbesee? thata~simi1ar

tendencyholdsforboth insectandmammal.

DiSCu卵ion

The lethal dosages of rotenone, dihydro･

rotenoneanddehydro-rotenone王nguineapigare'

ofthesameorderasLthosein insectsassllOWn

inTable3.

IthasI)eelshownthatinthemammalianbrain

thereisaclosecorrelationbetween thecontent

ofl･ghltamate and nerve function,.and that

l･glutamateistheonlyaminoacidtobeoxidized

inthebrainandisfound･inthebrain王zlgreater

imountthaninanyotherorgans9･均 . sitlCea

changeintheratioI-gllltamatetOα-ketoglutarate

isus血11yfollowedabychange王nproportionof
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Table3.Relativetox王citlesofrotenoneand
itsderivadves.

co-po-d 麿 IAwr.-rym7'i;e;vii汗 u,iingeJ '

Rotenone･

Dihydro-rotenone

RotenoloneII

Rotenolone-ⅠI

I)ehydroIrotenone

dlletOtheinhlbidonofl･glutam王cdeIlydro豆enasと.

Ontheotherhandthere王sfewLavailableevi-l
dence indicadng′the correlation between l-

glutamateazld nerve ftnction in insects.'Tlle

100 8uthOrsfotlndthatthecoEiteD-tOfZ･glutamatein

40 thecockroach nervecordisgreat8SCOmpared

with otherfreeaminoacidsandthatl-gllltathate

isutilizedverymuch王nthenervecord･5).-Tanaka

o eta,1.12).alsopointedoutthelligh amotnt-ofl･

*Ftikami etLZl.(unpublisheddata)

TCAcycleconstituents,I-glutamicdehydrogenase

whichcontrolsthisratiomightp一ayan王mportant

ro一eintheregulationofrespirat王on勺.TakagakieL

a.I)) found thattheformationofammoniain

thebraincartexdependsupontheoxidativede･

aminationofI-gllltamicacid,alldthatmorethan

halfofendogenousoxygenconsumptionisrelated

toadecreaseofi-glutamicacid content.These

factspointolltthattheimportantsubstrateinthe

endogenous oxygen conslmption ofthebrain

cortexisgllltamicacid.Th'erefore,itcanbe

supportedthattliedea血oE,guineapigbyrotenone

intoxicationisrelatedtotheinhibitionofcellular

fPSpirationinthebrain,atldthatthisismi nly

'glutamateinthegangliabfthesilkmoth andof

thesikworm.

Theresultsobtainedso-farontheeEfcctslof

rotenoneintoxicationoncellularrespirationto･

getherwiththeroleofi-gllltamateareStLm riヱed

inTable4.LIlisprobablethatl･gllltamicdehydro-

genaseplaysan王mportantroleintheregulation

ofrespiradonininsectaswellasinmatnmalian＼
brain,andllenCetheinhibition ofl･gllltamic

dehydrogenaseplaysamajorpartinrespiratory

inhibitionbyrotenonein王nsectnerveaswellas

inmamnaliatlbrain.

Sunmary

TheefEect50frotenoneanditsderivativeson

cellularrespirationofthe･brainof如 neapig

Table4･Comparisonofrespiratorymetabolism anddegreeofitsinhibitionbyrotenoidesbetween
mamnal andinsect.

hhibitionbyrotenone(inviLro)

TiTTCrcaction,H :Homogenate,M :Mitochondrialtraction,+:Presence,- :Absence
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havebe占n占x'am王ned.I

TheLdⅩygen',uptak占ofthe'hoふogenatewithout

sllbstratewasi血 bitedbyrotenonら blltitwas

notinhibitedwhensllCCinatewasadded.

WhenI-glutamatewasaddedassubstrate,the

oxygenuptakeofthemitochondrial fraction of

brainwasseriouslyinhibited.byrotenone.

Dihydro-rotenoneandrotenolone-Iwereeffecl

live in depressing l･gllltamate OXidation,but

dehydro-rotPnonewasineffective･

TheseresultsarethesameasthOseobtahed

ininsectswhichhavebeenreportedpreviously.
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87.Dialkyldithiophosphoricacid及び dialkylhydrogenphoSPhile.のオレナィン化合物

への附加 有機瞬化合物の●研究 第4報 永江祐治 ･渡辺国夫 ･大熊一男 (東亜投薬株式会社 員薬研

究所)-33.10.6 受理

殺虫作用を検討する目的を以て,d主よIkyldithiophbsphoricacid及び dialkylhydrogenphos-

phite一のオレフィン化合物への附加反応について研究 しT=. Dialkyldithlophdsphoricacidはア

クt)ロニ トI)ル (VI),ヤ クロ長ンタジェン,ジシクロペンタジェン (Ⅹ)に附加 して夫々対応する

dithiophospllate(V,VII,VIII,ⅠⅩ)を与えた.同様の附加反応を dialkylhydrogenph'osphite

とができなかった.

Mel'hikovetall).preparedmanydialkyldithio-1

phosphorit acid esters byadditionof.dialkyl

dithiophosphoricacidstoolefiniccompounds.Car

eEal2).evaluP.tedthe王rbiologicalproperties,and

foundtllatdi血iopllOSpIlateSderivedfrom acrylo一･

nitrile or diethylfumaratく∋Were the most

effective･DithiopllOSpIlateObtainedfrom die血yl

fum arateanddimethyldithiophosphorlCacid,/is
anexcellentinsecticideknownasthetradename

羊 PartIII:Botyu-Ka･gaku,23,1.15(1958)･
普;:くKozu,Odawara,■Kanagawa･ken.
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'MalathionJ'3,47.

GareEalltestedbiologicalpropertiesofdi-

thiopl10SphatesonlyagainstCalandrao7yZae.It

seemed to tisto be interesting ifdialkyl β-

cyanoe血yldi血iophospllateS,preparedbycyano-

ethylationofdialkyldithiophosphoricacids,wollld

hvethesimilarbio一ogicalpropertiesto血oseof

Malathion,whichhadtow toxicity tomammals

and specific effectsagainstaphids,mitesand

greenriceleafhoppers.Hencewepreparedsome

dithiophosphatesderivedfroraacrylonitri1e,espe･


